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ASPIRATION METHOD 

Cross-Reference to Related Applications 
This application is a continuation-in-part of U.S. Patent Application Serial No. 
08/813,807, filed March 6, 1997, which is hereby incorporated by reference in its 

5 entirety. Xjo^^ 0 ^) fifo ^ll^ 

Background of the Invention 

Field of the Invention 

The present invention relates to an improved method for aspirating emboli, 

thrombi, and other types of particles from the human arterial or venous system, the 
10 method being particularly well suited for treating stenoses or occlusions within 

saphenous vein grafts, coronary arteries, arteries above the aortic arch such as the 

carotid and cerebral arteries, and similar vessels. 

Description of the Related Art 

Human blood vessels often become occluded or completely blocked by plaque, 
1 5 thrombi, other deposits, emboli or other substances, which reduce the blood carrying 

capacity of the vessel. Should the blockage occur at a critical place in the circulatory 

system, serious and permanent injury, or even death, can occur. To prevent this, some 

form of medical intervention is usually performed when significant occlusion is 

detected. 

20 Coronary heart disease is an extremely common disorder in developed 

countries, and is the leading cause of death in the U.S. Damage to or malfunction of 
the heart is caused by narrowing or blockage of the coronary arteries (atherosclerosis) 
that supply blood to the heart. The coronary arteries are first narrowed and may 
eventually be completely blocked by plaque, and may further be complicated by the 

25 formation of thrombi (blood clots) on the roughened surfaces of the plaques. 

Myocardial infarction can result from atherosclerosis, especially from an occlusive or 
near occlusive thrombi overlying or adjacent to the atherosclerotic plaque, leading to 
death of portions of the heart muscle. Thrombi and emboli also often result from 
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myocardial infarction, and these clots can block the coronary arteries, or can migrate 
further downstream, causing additional complications. 

Various types of intervention techniques have been developed which facilitate 
the reduction or removal of the blockage in the blood vessel, allowing increased blood 
flow through the vessel. One technique for treating stenosis or occlusion of a blood 
vessel is balloon angioplasty. A balloon catheter is inserted into the narrowed or 
blocked area, and the balloon is inflated to expand the constricted area. In many 
cases, near normal blood flow is restored. It can be difficult, however, to treat plaque 
deposits and thrombi in the coronary arteries, because the coronary arteries are small, 
which makes accessing them with commonly used catheters difficult. 

Other types of intervention include atherectomy, deployment of stents, 
introduction of specific medication by infusion, and bypass surgery. Each of these 
methods are not without the risk of embolism caused by the dislodgement of the 
blocking material which then moves downstream. In addition, the size of the blocked 
vessel may limit percutaneous access to the vessel. 

In coronary bypass surgery, a more costly and invasive form of intervention, 
a section of a vein, usually the saphenous vein taken from the leg, is used to form a 
connection between the aorta and the coronary artery distal to the obstruction. Over 
time, however, the saphenous vein graft may itself become diseased, stenosed, or 
occluded, similar to the bypassed vessel. Atherosclerotic plaque in saphenous vein 
grafts tends to be more friable and less fibrocalcific than its counterpart in native 
coronary arteries. 

Diffusely diseased old saphenous vein grafts with friable atherosclerotic lesions 
and thrombi have therefore been associated with iatrogenic distal embolic debris. 
Balloon dilatation of saphenous vein grafts is more likely to produce symptomatic 
embolization than dilatation of the coronary arteries, not only because of the difference 
in the plaque but also because vein grafts and their atheromatous plaques are generally 
larger than the coronary arteries to which they are anastomosed. Once the plaque and 
thrombi are dislodged from the vein, they can move downstream, completely blocking 
another portion of the coronary artery and causing myocardial infarction. In fact, 
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coronary embolization as a complication of balloon angioplasty of saphenous vein 
grafts is higher than that in balloon angioplasty of native coronary arteries. Therefore, 
balloon angioplasty of vein grafts is performed with the realization that involvement 
by friable atherosclerosis is likely and that atheroembolization represents a significant 
5 risk. 

Because of these complications and high recurrence rates, old diffusely 
diseased saphenous vein grafts have been considered contraindications for angioplasty 
and atherectomy, severely limiting the options for minimally invasive treatment. 
However, some diffusely diseased or occluded saphenous vein grafts may be 
10 associated with acute ischemic syndromes, necessitating some form of intervention. 

There is therefore a need for improved methods of treatment for occluded 
^ vessels such as saphenous vein grafts and the smaller coronary arteries, the carotid and 

y3 cerebral arteries, which decrease the risks to the patient. 

TS Summary of the Invention 

J*f 15 The present invention provides a novel method for removing plaque, thrombi, 

yl emboli and other types of obstructions or occlusions from blood vessels having an 

" inlet fluid pressure of at least 0.2 psi at any time during the diastolic/systolic cycle of 

O the heart. Although the pressure within the vessel may fall below 0.2 psi during 

-?y relaxation between heartbeats, so long as the pressure created by the heartbeat rises 

^ 20 to at least 0.2 psi, the pressure within the vessel will be sufficient. The method 
ffl preferably includes the use of an occlusive device such as a balloon or filter to 

occlude the vessel distal to the obstruction, an optional therapy catheter to treat the 
obstruction, and a source of aspiration to remove the debris created by the therapy. 
By utilizing the fluid pressure and flow within the blood vessel, this method eliminates 
25 the need for a separate irrigation catheter and irrigation fluid. The present invention 

allows for the removal of occlusions more rapidly than known methods. Speed is 
essential in such procedures, since blood flow is significantly decreased or stopped 
during the time the vessel is occluded. The speed with which normal blood flow is 
restored is more critical in main vessels which supply blood to collateral vessels. The 
30 method of the present invention allows for the removal of occlusions from saphenous 
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vein grafts, coronary arteries, arteries above the aortic arch such as the carotid and 
cerebral arteries, and blood vessels of similar pressure. The minimally invasive 
treatment can be provided at low cost and at relatively low risk to the patient. 

In accordance with one aspect of the present invention, there is provided a 
method for the treatment of a stenosis or an occlusion in a blood vessel having a fluid 
pressure of at least about 0.2 psi. The blood vessel can be a saphenous vein graft, a 
coronary artery, a blood vessel above the aortic arch, or any other vessel with a fluid 
flow rate of at least about 10 cc per minute (prior to occlusion of the vessel using an 
occlusive device as described below), and more preferably, about 60 to 80 cc per 
minute, or about 120 to 140 cc per minute. This flow rate is needed to provide 
adequate irrigation fluid, which allows for substantially complete aspiration of the area 
surrounding the occlusion in a very short period of time. Using this combination of 
irrigation provided from the blood flow into the vessel and aspiration, it has been 
found that aspiration of debris and fluid within the working area can occur in less than 
3 seconds, but can also continue for 10 to 20 seconds or longer, until the procedure 
is completed. Thus, the physician can quickly and efficiently clear the debris from 
the area and restore normal blood flow through the vessel. 

One aspect of the method comprises first inserting a catheter or guidewire 
having an occlusive device at its distal end into the blood vessel, until it is distal to 
the stenosis or occlusion. It is to be understood that the stenosis or occlusion could 
be in a discrete location or diffused within the vessel. Therefore, although placement 
of the occlusive device is said to be distal to the stenosis or occlusion to be treated, 
portions of the diffuse stenosis or occlusion may remain distal to the occlusive device. 

Once in place, the occlusive device is activated to substantially or completely 
occlude the vessel distal to the existing stenosis or occlusion and to create a working 
area surrounding the stenosis or occlusion. A therapy catheter is then inserted into the 
blood vessel until it reaches the stenosis or occlusion, and a desired therapy is 
performed on the stenosis or occlusion. The fluid inlet pressure within the vessel 
prevents any particles produced during therapy from flowing against the pressure and 
out of the working area, thus localizing the particles for aspiration. The therapy 
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catheter is removed, and the distal end of an aspiration catheter or other device which 
creates an area of turbulence and uses negative pressure to aspirate fluid and debris 
is delivered into the vessel with the preferred placement being at the working area in 
a position just proximal to the occlusive device. Fluid is aspirated from the working 
area inside the vessel preferably proximal to the occlusive device to remove debris, 
while the fluid pressure within the vessel provides irrigation fluid within the working 
area. This aspiration creates a fluid flow within the working area, and provides a flow 
of irrigation fluid into the area. It is this combination of irrigation and aspiration that 
allows for very fast and efficient removal of debris. Once aspiration is complete, the 
aspiration catheter or similar device is removed and the occlusive device deactivated. 
Finally, the catheter or guidewire is removed from the vessel as well. 

The insertion can include the act of inserting the proximal end of the guidewire 
into the hollow lumen inside the aspiration catheter and advancing the aspiration 
catheter over the guidewire. This is commonly known as "over-the-wire" insertion. 
Alternatively, the proximal end of the guidewire can be inserted into a separate 
guidewire lumen on the aspiration catheter. Only a short portion of the aspiration 
catheter, as little as 5 cm, rides over the guidewire as the catheter is advanced. This 
is known as a single operator system, since, unlike the over-the-wire systems, a second 
operator is not required to hold the long guidewire while the catheter is inserted into 
the patient; a single user alone can deliver the catheter over the guidewire in this 
system. 

The distal end of the aspiration catheter or similar device should be slidably 
inserted into the vessel, across the occlusion and preferably as close to the proximal 
side of the occlusive device as possible. Thereafter, aspiration is begun and the 
aspiration catheter should be pulled back by the operator, such that the distal tip slides 
proximal to the occlusion and the occlusive device. Thus, while the distal tip of the 
aspiration catheter is preferably initially at a position distal to the occlusion and no 
more than about 5 cm proximal to the occlusive device, or preferably no more than 
about 2 cm proximal to the occlusive device, the operator then slides the aspiration 
catheter back during aspiration, crossing the occlusion and increasing the distance 
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between the distal tip and the occlusive device. Aspiration can therefore occur 
anywhere between about 0 to 20 cm proximal to the occlusive device. Alternatively, 
the distal tip of the aspiration catheter may be initially positioned proximal to the 
occlusion and the occlusive device. Aspiration is begun, and the tip is moved in a 
5 distal direction, across the occlusion and immediately adjacent the occlusive device. 

The tip is then moved in a proximal direction, back across the occlusion. This distal 
and proximal movement of the catheter tip during aspiration ensures the complete 
removal of particles and debris from the patient. 

The irrigation fluid supplied by the proximal portion of the blood vessel will 
10 move any particles or debris from a position proximal to the distal end of the 

aspiration catheter, thus allowing them to be aspirated. If a particle, however, is too 
^ far distal to the tip of the aspiration catheter, the irrigation fluid will tend to keep it 

yg there and not allow it to be aspirated from the vessel. The tip of the aspiration 

J catheter can therefore be slidably advanced in a distal direction more than once if 

|f 15 desired, to ensure complete removal of debris. Once aspiration has begun, additional 

fH blood will flow into the area, creating turbulence and also allowing for the removal 

^ of debris. 

S3 

S If desired, a guide catheter can first be inserted into the patient's body to aid 

fy in the insertion of the guidewire and catheters. The guide catheter can be used to 

^ 20 provide aspiration in place of the aspiration catheter if desired. The guide catheter is 

(3 then removed following completion of the procedure. 

In accordance with another aspect of the present invention, there is provided 
a method for the treatment of a stenosis or an occlusion in a blood vessel having a 
fluid pressure of at least about 0.2 psi, and a fluid flow rate of at least about 10 cc per 
25 minute (when not occluded using an occlusive device as described), and more 

preferably, about 60 to 80 cc per minute, or 120-140 cc per minute. The method 
comprises the steps of inserting a guidewire or catheter having an occlusive device on 
its distal end into the blood vessel, until the occlusive device is distal to the stenosis 
or occlusion. The occlusive device is activated to substantially occlude the vessel 
30 distal to the existing stenosis or occlusion and create a working area surrounding the 
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stenosis or occlusion. A therapy catheter is then inserted into the lumen of an 
aspiration catheter or similar device, and the therapy catheter and the aspiration 
catheter are simultaneously delivered into the blood vessel until they reach the stenosis 
or occlusion. Therapy is performed to eliminate the occlusion, and the fluid pressure 
within the vessel acts to prevent any particles produced during therapy from flowing 
against the pressure and out of the working area. When therapy is complete, the 
therapy catheter is removed while the aspiration catheter remains, and fluid inside the 
working area is aspirated to remove the particles while the fluid pressure provides 
irrigation fluid within the working area. When aspiration is complete, the aspiration 
catheter or similar device is removed and the occlusive device is deactivated. The 
guidewire or catheter is also then removed. 

In accordance with yet another aspect of the present invention, there is 
provided a method for the treatment of a stenosis or an occlusion in a blood vessel 
having a fluid pressure of at least about 0.2 psi, and a fluid flow rate of at least about 
10 cc per minute (prior to occlusion using an occlusive device). The method 
comprises inserting an occlusive device into the vessel until the occlusive device is 
distal to the stenosis or occlusion. The device can be attached to the distal end of a 
catheter or guidewire. The device is actuated to occlude the vessels distal to the 
existing stenosis or occlusion and create a working area surrounding the stenosis or 
occlusion. The fluid pressure within the vessel prevents any particles dislodged during 
insertion of the guidewire or catheter from flowing against the pressure and out of the 
working area. The distal end of an aspiration catheter or similar device is inserted to 
a position just proximal to the occlusive device, and fluid from the working area 
inside the vessel just proximal the occlusive device is aspirated. This will remove the 
stenosis or occlusion and any free particles while the fluid pressure provides irrigation 
fluid within the area. When aspiration is complete, the aspiration catheter is removed 
and the occlusive device deactivated. The guidewire or catheter is then removed. 

Another aspect of the present invention involves the use of an expandable 
device, such as an inflatable balloon, to inhibit the migration of emboli or other 
particles in a proximal to distal direction within the vessel. This can be done by at 
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least partially occluding the vessel at a site distal to the emboli or other occlusion. 
Again, although placement of the expandable device is said to be distal to the emboli 
or other occlusion to be treated, in the case of a diffuse occlusion, outlying portions 
of the occlusion may remain distal to the device. 

The fluid pressure within the vessel prevents emboli or other particles from 
migrating in a distal to proximal direction. If desired, a therapy catheter may be used 
to perform therapy on the vessel at the site of the emboli or occlusion. The therapy 
catheter may be removed, and a catheter, such as an aspiration catheter, having a 
lumen in fluid communication with a distal opening in the catheter is advanced across 
the site of the emboli or occlusion such that the opening is distal to at least a portion 
of the emboli or occlusion. Fluid is then drawn through the distal opening in the 
catheter to remove the emboli, occlusion or debris. By drawing fluid into the opening, 
a fluid flow is created in the lumen of the catheter in a distal to proximal direction, 
while simultaneously, fluid flows in a proximal to distal direction in the vessel. 

In accordance with yet another aspect of the invention, there is provided a 
method for the evacuation of emboli from a blood vessel. A catheter having a lumen 
in fluid communication with a distal opening in the catheter is positioned such that the 
opening is distal to at least a portion of an occlusive substance, such as emboli, within 
the blood vessel. Fluid is then drawn from the vessel into the distal opening such that 
the emboli are carried from the vessel into the distal opening and through the lumen 
of the catheter. The fluid intake preferably simultaneously creates a fluid flow in the 
lumen in a distal to proximal direction, and in the vessel in a proximal to distal 
direction. During the fluid intake through the catheter, the distal opening in the 
catheter is preferably moved from a position distal to the occlusive substance, to a 
position proximal to the occlusive substance, to a position distal to the occlusive 
substance to ensure complete removal of particles. 

Accordingly, the present invention provides for very fast and efficient 
aspiration of an area surrounding an occlusion in a blood vessel. The patient's own 
blood provides the irrigation fluid, thereby eliminating the need for a separate 
irrigation catheter and supply of irrigation fluid. By reducing the number of devices 
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needed to be inserted into the patient, the present invention reduces the amount of 
time required to complete the procedure, and allows the physician to restore normal 
blood flow in the vessel in a very short period of time. 

Brief Description of the Drawings 
5 FIGURE 1 is a perspective view of a human heart showing a saphenous vein 

graft used to bypass a portion of the coronary arteries. 

FIGURE 2 is a side view of an over-the-wire aspiration catheter in accordance 
with the present invention. 

FIGURE 3 is a cross section of the aspiration catheter of FIGURE 2, taken 
10 along line 3-3 in FIGURE 2. 

FIGURE 4 is a cross section of the aspiration catheter of FIGURE 2 showing 
a guide wire over which the aspiration catheter rides. 

FIGURE 5 is a side view of a single operator type aspiration catheter in 
accordance with the present invention. 
15 FIGURE 6 is a cross section of the proximal end of the aspiration catheter of 



FIGURE 5, taken a^ong line 6-6 of FIGURE 5. 

FIGURE ^is a cross section of the distal end of the aspiration catheter of 



O ij2n^ J&f FIGURE 5, taken along line 7-7 of FIGURE JL^ 
W vb^ M>„„ m ™ « ... „ 5 „_ ^f£J,_- 



^t^&HG^- AD ^ FIGURES 8A-C are side views of the^arious embodiments of the distal end 
20 >of the aspiration catheter of the present invention. 

FIGURE 9 is a perspective view of an over-the-wire aspiration catheter and 
guidewire inserted into a saphenous vein graft in accordance with the present 
invention, with the vein graft shown partially cut away. 

FIGURE 10 is a schematic view of a catheter apparatus for use in the method 
25 of the present invention; 

FIGURE 11 is a schematic cross-sectional view of a distal portion of the 
catheter apparatus shown in FIGURE 10. 

FIGURE 12 is a perspective view of an over-the-wire aspiration catheter and 
a guidewire bearing an occlusive filter inserted into a saphenous vein graft, with the 
30 vein graft shown partially cut away. 
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FIGURE 13 is a perspective view of a therapy catheter delivering a drug and 
a guidewire having on occlusive device inserted into a saphenous vein graft, with the 
vein graft shown partially cut away. 

FIGURES 14A-D show a perspective view of the movement of an over-the- 
wire aspiration catheter during aspiration in a saphenous vein graft, with the vein graft 
shown partially cut away. 

FIGURES 15A-B illustrate the positioning of the occlusive device distal to the 
occlusion in branching and non-branching blood vessels. 



The present invention provides an improved method for aspirating emboli, 
plaque, thrombi or other occlusions from a blood vessel. A preferred embodiment of 
the present invention is adapted for use in the treatment of a stenosis or an occlusion 
in a blood vessel in which the stenosis or occlusion has a length and a width or 
thickness which at least partially occludes the vessel's lumen. Thus, the method is 
effective in treating both partial and complete occlusions of the blood vessels. It is 
to be understood that "occlusion" as used herein, includes both complete and partial 
occlusions, stenoses, emboli, thrombi, plaque, and any other substance which at least 
partially occludes the lumen of the blood vessel. 

The method of the present invention can be used to provide aspiration without 
the need for a separate irrigation catheter and irrigation fluid. In the context of 
removing plaque, thrombi or other blockages from blood vessels, it has heretofore 
been proposed that an isolated "chamber" surrounding the occlusion be created prior 
to attempting treatment, and that separate irrigation fluid be provided through an 
irrigation catheter to the chamber. It has been surprisingly discovered that isolation 
of the occlusion is not required, and that the occlusion can be successfully removed 
without the need for delivery of a separate irrigation catheter and irrigation fluid in 
those vessels where certain pressure and fluid flow conditions exist, such as saphenous 
vein grafts, coronary arteries, carotid arteries and other vessels. 

In non-bifurcated areas of the blood vessels, it has been discovered that fluid 
from the collateral vessels or from the proximal portion of the same vessel acts as an 
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infusion source. One can therefore occlude only the distal portion of the vessel to 
create a working area surrounding the occlusion and allow blood to flow from the 
proximal portion of the vessel into the working area. The area surrounding the 
occlusion is aspirated through the guiding catheter or aspiration catheter. It should be 
noted that, as used herein, "proximal" refers to the portion of the apparatus closest to 
the end which remains outside the patient's body, and "distal" refers to the portion 
closest to the end inserted into the patient's body. 

The aspiration method is adapted for use in vessels in which no bifurcation or 
branching occurs for a distance of approximately 2-10 cm past the site of the 
occlusion. Such a vessel 80 with an occlusion 82 is illustrated in FIGURE 15 A. This 
distance allows the vessel 80 to be occluded using an occlusive device 84 without the 
risk of any particles being carried downstream by the blood flow, where they could 
cause further damage (as illustrated by the arrow in FIGURE 15B). There are 
exceptions, however; for example, the internal and external carotid arteries. Here, the 
common carotid artery bifurcates into the internal and external carotid arteries. It is 
possible to occlude the internal carotid artery only and allow particles to be carried 
away through the external carotid artery, since it is widely accepted that these particles 
can be carried safely away and will cause no damage downstream. 

The aspiration method can be used in any vessel of the body where the 
pressure is at least 0.2 psi at any time during the diastolic/systolic cycle of the heart, 
and preferably, is about 1.2 psi, with a flow rate of at least 10 cc per minute. Thus, 
although the pressure within the vessel may fall below 0.2 psi during relaxation 
between heartbeats, so long as the pressure created by the heartbeat rises to at least 
0.2 psi, the pressure within the vessel will be sufficient. 

A preferred embodiment of the method of the present invention is particularly 
suited for use in removal of occlusions from saphenous vein grafts, coronary and 
carotid arteries, and vessels having similar pressures and flow where a suitable 
working area can be created. A saphenous vein graft is depicted in FIGURE 1 . The 
graft 2 is used to bypass one of the occluded coronary arteries 4, and connects the 
aorta 6 to the coronary artery at a location distal the occlusion 8. Although the 
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present invention will be described in connection with a saphenous vein graft, it 
should be understood that this application is merely exemplary, and the method can 
be used in other blood vessels as well. 
Apparatus Used 

5 In a preferred embodiment of the method of the present invention, a guide 

catheter having a single lumen is first introduced into the patient's vasculature through 
an incision made in the femoral artery in the groin and used to guide the insertion of 
other catheters and devices to the desired site. Following insertion of the guide 
catheter, an occlusive device is delivered to a position distal the occlusion. For 
10 example, a second catheter having an expandable device (reference numbers 51 and 
52, FIGURES 9 and 12), such as an inflatable balloon, filter, expandable braid or 
other mechanical occlusive device, attached at its distal end is inserted through the 
guide catheter and past the site of the occlusion (illustrated in FIGURES 9 and 12). 
The expandable occlusive device should be capable of preventing the migration of 
15 particles and debris from the working area, either through total or partial occlusion of 
the vessel. Note that the occlusion of the vessel need not be complete. Substantial 
occlusion of the vessel can be sufficient for purposes of the present invention. The 
catheter should be sized so as to be slidable with respect to the therapy and aspiration 
catheters inserted over the catheter. The catheter is preferably made of metal such as 
20 stainless steel or nitinol, plastics, or composites. A guidewire having an occlusive 

S3 device on its distal end is also suitable for use in the present method. The method can 

be effectively carried out using a number of guidewires or catheters that perform the 
function of occluding the vessel and allowing for the slidable insertion of various 
other catheters and devices. The term "catheter" as used herein is therefore intended 
25 to include both guidewires and catheters with these desired characteristics. 

A preferred catheter for use to occlude the vessel is illustrated in FIGURES 10 
and 11. The catheter apparatus 110 is generally comprised of four communicating 
members including an elongated tubular member 114, an inflatable balloon member 
116, a core-wire member 120 and a coil member 122. The catheter apparatus 110 is 
30 preferably provided with an outer coating of a lubricous material, such as TEFLON. 



SB 



PERCUS.019CP1 



-12- 



Knobbe, Martens, Olson & Bear, LLP 



The body member 114 of the catheter apparatus 110 is in the form of 
hypotubing and is provided with proximal and distal ends 114A and 114B as well as 
an inner lumen 115 extending along the tubular member 114. The balloon member 
116 is coaxially mounted on the distal end 114B of the tubular member 114 by 
suitable adhesives 119 at a proximal end 116A and a distal end 116B of the balloon 
member 116 as in the manner shown in FIGURE 11. The core-wire member 120 of 
the catheter 110 may be comprised of a flexible wire 120. The flexible wire 120 is 
joined by soldering or brazing at a proximal end 120A of the flexible wire 120 to the 
distal end 114B of the tubular member 114 as in the manner show in FIGURE 11. 

Preferably, the proximal end 120 A of the flexible wire 120 has a transverse 
cross sectional area substantially less than the smallest transverse cross-sectional area 
of the inner lumen 115 of the tubular member 114. In the preferred embodiment, the 
flexible wire 120 tapers in the distal end 120B to smaller diameters to provide greater 
flexibility to the flexible wire 120. However, the flexible wire may be in the form of 
a solid rod or a helical coil or wire or combinations thereof. 

As shown in FIGURE 11, the distal end 120B of the flexible wire 120 is 
secured to a rounded plug 118 of solder or braze at the distal end 122B of the coil 
member 122. The coil member 122 of the catheter 110 may be comprised of a helical 
coil 122. The coil member 122 is coaxially disposed about the flexible wire 120, and 
is secured to the flexible wire 120 by soldering or brazing at about the proximal end 
120 A of the flexible wire 120 as in the manner shown in FIGURE 11. 

The balloon member 1 16 is preferably a compliant balloon formed of a suitable 
elastic material such as a latex or the like. The flexible coil 122 is preferably formed 
of a wire of platinum based alloys. The flexible core- wire 120 and the tubular 
member 114 are preferably formed of a nickel-titanium alloy. 

Alternatively, the occlusion catheter can be configured so as to allow for 
aspiration through the catheter, thus eliminating the need for a separate aspiration 
catheter. In this embodiment, the catheter has a long hollow shaft, having an outer 
diameter of less than about .038", and preferably about .025" to about .035". The 
inner diameter or lumen of the shaft is about .020" to about .030". Aspiration occurs 
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through the inner diameter of the catheter. The catheter has an occlusive device 
attached to its distal end. The occlusive device is preferably a mechanical device such 
as a self-expanding braid or coil which acts as a filter, preventing particles from 
moving downstream. The catheter shaft further comprises at least one opening, and 
preferably several openings, located just proximal to the occlusive device, which allow 
for aspiration. The proximal end of the catheter is adapted to allow a source of 
negative pressure to be attached, such that it is in fluid communication with the inner 
lumen. 

Once the guiding catheter and catheter have been properly positioned inside the 
vessel, the occlusive device at the distal end of the catheter is actuated to occlude the 
vessel distal to the existing occlusion. A therapy catheter then is delivered to the site 
of the occlusion. The term "therapy catheter 1 ' is meant to include any of a number of 
known devices used to treat an occluded vessel. For example, a catheter carrying an 
inflatable balloon for use in balloon angioplasty can be delivered to dilate the 
occlusion. Thermal balloon angioplasty includes the use of heat to "mold" the vessel 
to the size and shape of the angioplasty balloon. Similarly, an intravascular stent can 
be delivered via a balloon catheter and deployed at the site of the occlusion to keep 
the vessel open. Cutting, shaving, scraping or pulverizing devices can be delivered 
to excise the occlusion in a procedure known as atherectomy. A laser or ultrasound 
device can also be delivered and used to ablate plaque in the vessel. Various 
thrombolytic or other types of drugs can be delivered locally in high concentrations 
to the site of the occlusion. It is also possible to deliver various chemical substances 
or enzymes via a catheter to the site of the stenosis to dissolve the obstruction. The 
term "therapy catheter' 1 encompasses these and similar devices. 

After the therapy has been performed and the occlusion has been removed 
using any of the methods and apparatus described above, the area is aspirated to 
remove fluid and debris. Aspiration can be provided through the guide catheter if 
desired. A source of negative pressure is attached at the proximal end of the guide 
catheter, and fluid and debris are aspirated through the guide catheter's main lumen. 
Alternatively, an aspiration catheter or similar debris removing device is used to 
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remove particles and any other debris. The term "aspiration catheter" includes any 
device which creates an area of fluid turbulence and uses negative pressure to aspirate 
fluid and debris, and includes thrombectomy catheters, rheolitic devices and those 
devices which create a venturi effect within the vessel. Thus, it is possible that a 
single catheter is used as both the therapy catheter and the aspiration catheter. It 
should be noted that any particles which break free during therapy and aspiration 
procedures will be kept at the site of the procedure by the occlusive device occluding 
the distal portion of the vessel in combination with the fluid pressure coming from the 
proximal portion of the vessel. The debris is prevented from migrating elsewhere, and 
remains localized for removal by aspiration. 

An aspiration catheter particularly suited for use in the method described is 
illustrated in FIGURE 2. The catheter 10 includes an adaptor 14 and a seal 16 at its 
proximal end. The catheter 10 further includes an aspiration port 18 to which a source 
of negative pressure is attached. The aspiration catheter further comprises a long 
hollow shaft 20 having a distal end 22. The distal tip 22 can include a radiopaque 
marker to aid in locating the tip 22 during insertion into the patient, and is preferably 
soft to prevent damage to the patient's vasculature. 

The aspiration catheter illustrated in FIGURE 2 is an over-the-wire catheter. 
As seen in FIGURE 3, the catheter shaft 20 is hollow. During insertion of the 
aspiration catheter 10, the proximal end of a guidewire 26 is inserted into the distal 
end of the aspiration catheter 22, and the aspiration catheter 10 is slidably advanced 
over the guidewire 26, which is positioned inside the hollow lumen 24 of the 
aspiration catheter 10. The position of the guidewire 26 relative to the shaft 20 of the 
aspiration catheter 10 is illustrated in FIGURE 4, but of course can vary. For this 
type of aspiration catheter 10, a very long guidewire 26, generally around 300 cm in 
length, is used to facilitate the insertion of the aspiration catheter 10 over the 
guidewire 26. 

Alternatively, the aspiration catheter 30 can be of a single operator design, as 
illustrated in FIGURES 5-7. The catheter 30 has an adaptor 32 and an aspiration port 
34 at its proximal end. Like the over-the-wire aspiration catheter 10, the single 
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operator aspiration catheter 30 further comprises a long hollow shaft 36 having a distal 
end 38. The distal tip 38 can include a radiopaque marker to aid in locating the tip 
38 during insertion into the patient, and is preferably soft to prevent damage to the 
patient's vasculature. At the distal end of the shaft 38, a guidewire lumen 40 is 
5 attached. This lumen 40 provides a separate lumen, apart from the main aspiration 

lumen 42 of the catheter 30, for the insertion of the guidewire 26. This guidewire 
lumen can be as short as 5 cm. As illustrated in FIGURE 7A, during delivery of the 
aspiration catheter 30, the proximal end of the guidewire 26 is inserted into the distal 
end of the guidewire lumen 40, and the guidewire lumen 40 is slidably advanced over 

10 the guidewire 26. Unlike the over-the-wire catheter 10 described above, only a short 
segment of the single operator aspiration catheter 30 rides over the guidewire 26, and 
the guidewire 26 remains in the guidewire lumen 40 and does not enter the aspiration 
lumen 42 of the aspiration catheter 30. With the single operator system 30, the long 
guidewire 26 used with the over-the-wire catheter 10, and the extra operator needed 

15 to handle it, are not required. 

Although the guidewire lumen 40 is shown in FIGURE 5 as being located only 
on the distal end 38 of the shaft of the aspiration catheter 36, the lumen 40 can also 
be made to extend the entire length of the shaft 36 if desired. In both embodiments, 
the aspiration lumen 42 is advantageously left completely unobstructed to provide 

20 more efficient aspiration. The guidewire lumen 40 can also include a slit in the 
outside wall of the lumen to facilitate faster and easier insertion and removal of the 
guidewire 26 through the side wall of the lumen, as shown in FIGURE 7B. 

In another embodiment not shown, the aspiration catheter can be configured 
such that the therapy catheter can be inserted through the lumen of the aspiration 

25 catheter. The aspiration lumen is made large enough to accommodate the desired 

therapy catheter. This allows the aspiration catheter and the therapy catheter to be 
delivered into the patient at the same time. When therapy is complete, the therapy 
catheter is removed while the aspiration catheter remains in place. This eliminates the 
need to separately deliver the aspiration catheter after removal of the therapy catheter, 

30 saving valuable time. It is preferable that the size of the guide catheter used during 
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this type of procedure be sized from at least 8 to about 10 French to accommodate the 
size of the "over-the-therapy-catheter" aspiration catheter. 

In yet another embodiment, also not shown, the therapy catheter can be built 
over the aspiration catheter. For example, a dual-lumen catheter having a dilatation 
balloon at its distal end can be used. One lumen is used to inflate the dilatation 
balloon to be used for angioplasty, while the second lumen is used for aspiration. 
This design allows a single combined aspiration catheter and therapy catheter to be 
delivered into the patient. When therapy is complete, aspiration is carried out without 
the need to first remove the therapy catheter. 

In the embodiment where the occlusion catheter is adapted to allow aspiration 
therethrough, no separate aspiration catheter is required. Once the occlusive device 
on the catheter is positioned distal to the occlusion, the occlusive device is activated 
to at least partially occlude the vessel. A therapy catheter is delivered and therapy 
performed on the occlusion. Once therapy is complete, a source of negative pressure 
is provided at the proximal end of the occlusion catheter, and aspiration occurs 
through the openings at the distal end of the catheter, just proximal to the occlusive 
device. Aspiration is therefore accomplished without the need for a separate aspiration 
catheter, or removal of the therapy catheter. 

FIGURES 8A, 8B, and 8C illustrate various embodiments of the distal end of 
the aspiration catheter. FIGURE 8A shows the preferred tip 44, wherein the end has 
been angled. This tip 44 is also shown in FIGURE 5. This angled tip 44 maximizes 
the area of aspiration. The distal tip of the aspiration catheter can also be blunt 45, as 
shown in FIGURE 8B, or can be tapered 46, with holes along the tip 47 to provide 
for aspiration, as illustrated in FIGURES 8C and 2. 

Additional details relative to the catheters, described above and their use are 
found in copending applications Serial Nos^ 68/s 13,808; filed March 6, 1997, entitled 
"Hollow Medical Wires and Methods of Constructing Same 11 , application Serial No. 
08/858,900, filed May 19, 1997, entitled "Catheter for Emboli Containment System", 
applications Serial Nos. 09/026,013 and 09/026,225, filed February 19, 1998, entitled 
"Aspiration System and Method" and "Balloon Catheter and Method of Manufacture", 
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applications Serial Nos. 09/025,991 and 09/026,106, also filed February 19, 1998, 
entitled "Syringe and Method for Inflating Low Volume Catheter Balloons" and 
"Occlusion of a Vessel", application Serial No. 08/975,723, filed November 20 199,7, 




entitled "LowProfile Catheter Valve and Inflation Adaptor", and application, filed oa 

tflg-jsamfc— dat e a3 the present invention , entitled Exchange Method for Emboli 

A. 

Containment" -( Attorney Do c k e t No. P ERCUS.071A); all of which are hereby 

incorporated by reference in their entirety. 

Use of the devices just described will now be explained in connection with the 

preferred embodiment of the method of the present invention. 

Method 

The method of the present invention as used to remove plaque and any 
associated thrombi from a saphenous vein graft is described below in connection with 
FIGURE 9. Again, it should be noted that this application is merely exemplary, and 
that the method of the present invention can be used in other blood vessels and to 
remove other types of occlusions as well. 

A guide catheter (not shown) is introduced into the patient's vasculature 
through an incision in the femoral artery in the groin of the patient. The guide 
catheter has a single large lumen, and is used to guide the insertion of other catheters 
and devices. The guide catheter is advanced until it reaches the aorta and the ostium 
of the vein graft, where it will remain in place throughout the procedure. Fluoroscopy 
is typically used to guide the guide catheter and other devices to the desired location 
within the patient. The devices are frequently marked with radiopaque markings to 
facilitate visualization of the insertion and positioning of the devices within the 
patient's vasculature. It should be noted that at this point, blood is flowing through 
the vessel in a proximal to distal direction. 

Next, an occlusive device is delivered to a site distal the occlusion. For 
example, a catheter or guidewire 50 having an occlusive device at its distal end is 
delivered through the guide catheter into the saphenous vein graft 5 and past the site 
of the occlusion 56. In this example, the occlusive device is an inflatable balloon 52. 
The balloon 52 is inflated to occlude the vein graft 5 at a site distal to the occlusion 
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56 to create a working area surrounding the occlusion. By "working area" is meant 
an area extending from the occlusive device in a proximal direction for a distance up 
to about 20 cm. The blood coming from the aorta enters the saphenous vein graft 5 
and keeps any particles 58 dislodged during the procedure from flowing proximally. 
In addition, the blood pressure and flow coming from the aorta provides the irrigation 
necessary for aspiration. As noted above, the blood pressure in the vessel is 
preferably at least about 0.2 psi, and the flow rate is at least about 10 cc per minute 
at some point during the diastolic/systolic cycle of the heart. 

Once the vein 5 is occluded, a therapy catheter 150, as illustrated in FIGURE 
13, is delivered, if desired. The therapy catheter can be any of a number of devices, 
including a balloon catheter used to perform angioplasty, a catheter which delivers a 
stent, a catheter for delivering enzymes, chemicals, or drugs to dissolve and treat the 
occlusion (as illustrated in FIGURE 13), an atherectomy device, or a laser or 
ultrasound device used to ablate the occlusion. Alternatively, the therapy catheter can 
be eliminated and use of the guide catheter or a separate aspiration catheter alone can 
be used to aspirate the occlusion. This method is especially useful to remove emboli 
from the coronary arteries following acute myocardial infarction, because the 
aspiration catheter can be made small enough to enter the coronary arteries. 

Once the desired therapy is performed, the therapy catheter is withdrawn from 
the patient's body and an aspiration catheter 60 is delivered over the guidewire 50 and 
through the guiding catheter. The aspiration catheter 60 rides over the guidewire 50 
with the guidewire 50 inserted through the aspiration lumen 62 of the catheter 60. 
Alternatively, a single operator type aspiration catheter can be used, in which only a 
portion of the aspiration catheter rides over the guidewire, which is inserted into a 
separate guidewire lumen. FIGURE 9 illustrates the treatment site during delivery of 
the over-the-wire aspiration catheter 60 into the saphenous vein graft 5. 

The treatment site during the aspiration procedure is illustrated in FIGURES 
14A-D. The distal tip of the aspiration catheter 64 crosses the site of the occlusion 
56 and is initially positioned distal to the occlusion 56 and as close to the occlusive 
balloon 52 as possible, preferably less than about 5 cm, and more preferably less than 
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about 2 cm, from the proximal side of the balloon 52 (FIGURE 14A). Thus, in one 
embodiment, the distal tip of the aspiration catheter 64 is initially positioned 
immediately adjacent the occlusive balloon 52. Aspiration is begun, and the operator 
moves the aspiration catheter in a proximal direction, crossing the site of the occlusion 
56 and increasing the distance between the distal tip 64 of the catheter and the 
occlusive balloon 52 (FIGURES 14B and 14C). During aspiration, the distal tip of 
the aspiration catheter 64 moves in a direction proximal to the balloon 52, crossing 
the occlusion 56, and continuing in a proximal direction for a distance that is 
preferably at least 1 cm proximal to the site of the occlusion 56. The distal tip of the 
aspiration catheter 64 may continue to be moved in a proximal direction away from 
the occlusion 56 for up to 10 cm or more, or until the tip 64 reaches the guide 
catheter. Aspiration can therefore occur anywhere between about 0 to 20 cm proximal 
to the occlusive device 52. During aspiration, the flow of fluid within the vessel is 
in a proximal to distal direction, while fluid flow within the lumen of the catheter is 
in a distal to proximal direction. If desired, the distal tip of the aspiration catheter 64 
is then again advanced across the occlusion 56 in the distal direction until it is again 
just immediately adjacent to the occlusive balloon 52 (FIGURE 14D). This movement 
of the tip of the aspiration catheter 64 in a proximal and distal direction can be 
repeated more than once to ensure complete aspiration of all debris. 

In an alternate embodiment, the distal tip of the catheter 64 is initially 
positioned proximal to the occlusion 56, preferably at least 1 cm proximal to the 
occlusion 56. Aspiration is begun, and the distal tip of the catheter 64 is advanced in 
a distal direction across the occlusion 56 until the tip 64 is positioned immediately 
adjacent to the occlusive balloon 52. The tip of the catheter 64 is then moved in a 
proximal direction, back across the occlusion 56. Preferably, the tip of the catheter 
64 continues in a proximal direction for a distance that is preferably at least 1 cm 
proximal to the site of the occlusion 56. As described above, the distal tip of the 
aspiration catheter 64 can continue to be moved in a proximal direction away from the 
occlusion 56 for up to 10 cm or more, or until the tip 64 reaches the guide catheter. 

PERCUS.019CP1 Knobbe, Martens, Olson & Bear, LLP 



-20- 




This movement of the tip of the catheter 64 in a distal and proximal direction can be 
repeated as often as desired to ensure complete removal of particles and debris. 

The blood flow supplied by the aorta will move any particles 58 from a 
position proximal to the distal tip of the aspiration catheter 64, thus allowing them to 
be aspirated, as illustrated by the arrows in FIGURE 9. If a particle, however, is too 
far distal to the tip of the aspiration catheter 64 (for example, more than about 2 cm), 
the blood pressure will keep it there and not allow it to aspirated from the vessel 5. 
The aspiration pressure can be increased, but not without the risk of severely 
damaging the vessel. Rather, this distal and proximal movement of the aspiration 
catheter, including placement of the tip immediately adjacent the occlusive balloon, 
will allow the user to completely capture these distal particles. In addition, once 
aspiration has begun, additional blood will flow into the area adjacent and distal to the 
tip of the aspiration catheter, creating turbulence and allowing for the complete 
removal of debris. 

A preferred source of negative pressure is any rigid container containing a 
fixed vacuum, such as a syringe, attached to the proximal end of the aspiration 
catheter at the aspiration port 34 (see FIGURE 5). A mechanical pump or bulb or any 
other appropriate source of negative pressure can also be used. The difference 
between the existing pressure within the vessel and the aspiration pressure within the 
vessel should not exceed about 50 psi. As noted above, if too much aspiration 
pressure is applied, the change in pressure in the vessel will be too great and damage 
may occur to the vessel itself. 

After the area inside the graft 5 is aspirated to remove any particles 58 or other 
debris, the aspiration catheter 60 is removed. The balloon 52 is deflated and the 
guidewire 50 and guiding catheter are removed. 

As described above, the aspiration catheter can be sized such that it can receive 
the therapy catheter within its lumen or the therapy catheter can be built over the 
aspiration catheter. In either case, the aspiration catheter and the therapy catheter are 
delivered over the guidewire and into the vein graft together. When therapy is 
complete, the therapy catheter can be removed if desired while the aspiration catheter 
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remains in place. When aspiration is complete, the aspiration catheter, guidewire and 
guiding catheter are removed from the patient's body. Delivering the aspiration 
catheter and therapy catheter together saves time, which is critical during these types 
of procedures. Alternatively, the guide catheter can be used to provide aspiration 
through its main lumen. 

In yet another embodiment, aspiration takes place through the lumen of the 
occlusion catheter or guidewire. The occlusive device on the catheter is positioned 
distal to the occlusion, and the occlusive device is activated to at least partially 
occlude the vessel. The therapy catheter is delivered and therapy performed. A 
source of negative pressure is provided at the proximal end of the occlusion catheter, 
and aspiration occurs through openings located at the distal end of the catheter just 
proximal to the occlusive device. This eliminates the need for a separate aspiration 
catheter, and the need to remove the therapy catheter prior to aspiration. Again, this 
saves time, which is critical during these types of procedures. 

While the foregoing detailed description has described several embodiments of 
the apparatus and methods of the present invention, it is to be understood that the 
above description is illustrative only and not limiting of the disclosed invention. It 
will be appreciated that the specific dimensions of the various catheters and 
guidewires can differ from those described above, and that the methods described can 
be used within any biological conduit within the body and remain within the scope of 
the present invention. Thus, the invention is to be limited only by the claims which 
follow. 
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